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Melanocytic nevi are localized benign proliferations
of melanocytes. The number of nevi has been shown
to be the major risk marker for the development of
cutaneous melanoma. This study compares the
induction of photoproducts in nevi and in surround-
ing skin after exposure to solar-simulating radiation.
Cyclobutane pyrimidine dimers (TT=T and TT=C)
and 6±4 photoproducts (TT±T and TT±C) were
measured in 20 nevi and 20 surrounding skin samples
obtained from 14 subjects, using a 32P-postlabeling
method. The amount of all four types of photopro-
ducts in nevi was found to be 3±5-fold lower than
that in surrounding skin, and the difference was stat-
istically signi®cant (paired t test, p < 0.01). In nevi,
the photoproduct level was signi®cantly associated
with the color of nevi (the lowest level in the darkest
color of nevi; r = ±0.86, p < 0.01 for TT=T; r = ±
0.68, p < 0.01 for TT=C). Our ®ndings suggest that
the magnitude of the DNA damage is not a sole risk
marker for the development of cutaneous melanoma.
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M
elanocytic nevi (moles) are localized benign
proliferations of melanocytes. They may be
localized in the epidermis (junctional), dermis
(intradermal), or both areas (compound)
(MacKie, 1992; Dore et al, 2001). Interest in
melanocytic nevi stems from their association with cutaneous
melanoma (CMM). Over the past several decades, the incidence of
CMM has increased markedly in white-skinned populations
worldwide (Wingo et al, 1999). Numerous epidemiologic studies
have suggested that the number of melanocytic nevi is the major
risk marker for the development of CMM and that large atypical
nevi may play an independent part (Garbe et al, 1994; Grulich et al,
1996; Tucker et al, 1997; Briollais et al, 2000; Naldi et al, 2000).
Other risk factors for CMM include sun exposure, pigmentary
traits, and a family history of melanoma. Moreover, the incidence
of melanoma appears to be highest in populations who develop
nevi earlier in life, suggesting that the early onset of nevi is a risk
factor of melanoma (Kelly et al, 1994; Harrison et al, 2000). There is
also evidence that increased sun exposure is related to the number
of nevi (Dwyer et al, 1995; Dennis et al, 1996; Berwick and
Halpern, 1997). In particular, sun exposure before the age of 20
seemed to be important for the development of nevi (Breitbart et al,
1997).
DNA damage induced by ultraviolet radiation (UVR) is
considered to play a direct part in the initiation of skin cancers
(Kraemer, 1997). The main products induced by UV are
dipyrimidine lesions: cyclobutane pyrimidine dimers (CPD) and
6±4 pyrimidine-pyrimidone photoproducts. CPD constitutes
» 80% of the total lesions, depending on the wavelength of
UVR, whereas 6±4 photoproducts may be more mutagenic than
CPD (Zdzienicka et al, 1992). These lesions may in¯uence cellular
functions such as replication, transcription, and DNA repair
(Tornaletti and Pfeifer, 1995). Although several studies have
suggested a causal relationship between induction of photoproducts
and UV carcinogenesis (Black et al, 1997; Langley and Sober,
1997), there has been no direct information about the induction of
photoproducts in human nevi in situ, precursor lesions for
melanoma. The purpose of this study was to investigate the
formation of UV photoproducts in melanocytic nevi in situ and
surrounding skin after exposure to solar-simulating radiation (SSR).
Using a recent developed 32P-postlabeling technique, we have
measured four types of photoproducts, including CPD (TT=C,
TT=T) and 6±4 photoproducts (TT±C, TT±T).
MATERIALS AND METHODS
Study population This study was approved by the Medical Ethics
Committee of PaÈijaÈt-HaÈme Central Hospital, Lahti, Finland. All
participants gave their informed consent. Altogether 14 healthy
volunteers (eight females and six males) were included in the study.
Their mean age was 42 y (20±64 y). The Fitzpatrick skin phototypes I±
III were represented, ®ve subjects showing skin phototype I, six
presenting skin phototype II, and three type III (Fitzpatrick, 1988). The
minimal erythema dose (MED) was 14 mJ per cm2 (Commission
Internationale de l'EÂ clairage, CIE) in two subjects, 20 mJ per cm2 in
eight subjects, and 28 mJ per cm2 in the remaining four.
SSR and UV exposures A broadband Philips (HP 411/A) solarium
was used as the SSR source both to perform the MED testing of the
volunteers as well as to induce photoproduct formation in the moles and
their surroundings. Spectral distribution of the lamp, which closely
mimics the spectral distribution of noon summer sunlight in Helsinki
(Snellman et al, 1995), was measured (280±400 nm) prior to the study at
30 cm using a spectroradiometer, 97.8% of the irradiance being UVA
and 2.2% UVB. The unweighted UVB irradiance was 0.38 mW per cm2
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and UVA irradiance 17 mW per cm2. The respective CIE (McKinlay
and Diffey, 1987) weighted ®gures were 0.03 mW per cm2 for UVB
and 0.01 mW per cm2 for UVA. The lamp emitted no UVR in the
waveband area below 290 nm. For the MED testing UV doses of 10, 14,
20, 28, and 40 mJ per cm2 CIE were used, and all the moles and their
surroundings were exposed to a dose of 40 mJ per cm2 CIE of SSR.
The MED was read at 24 h and was de®ned as the lowest UV dose
producing only faint redness with sharp borders on the skin.
Sampling of skin biopsies Before sampling the diameter of the target
moles were measured, and the moles were assessed for color, border, and
symmetry. Only symmetric, benign looking moles with no recent
change in outlook were accepted for the study. The clinical type of the
mole (junctional, compound, or intradermal) and their color were
de®ned prior to UV irradiation, thus seven moles were regarded as
junctional, nine were compound, and four were intradermal. The colors
of ®ve moles were light brown, six were red±brown, six were brown,
and three were black (Table I).
In each subject altogether one to two moles and their surroundings
were irradiated using a dose of 40 mJ per cm2 CIE. Immediately after
the UV exposure a 4 mm punch biopsy was taken from the middle of
the mole using lidocaine±epinephrine local anesthesia. The blood was
rinsed off with 0.9% saline solution, the subcutaneous fat and lowest part
of dermis were cut off, and the sample containing epidermal tissue was
immediately put in ice. Then the rest of the mole was excised using a
scalpel. A portion of the irradiated surrounding skin of the mole was cut
for another sample and handled as previously described. Without delay
both samples were put in a freezer (±20°C) until DNA extraction. The
rest of the excised mole and surroundings were sent for standard
histologic analysis if moles were present, the type of the mole was
assessed further microscopically. Thus three moles were classi®ed as
junctional, ®ve as compound, and six as intradermal. Six samples could
not be grouped into any type due to missing mole cells in the histologic
sample as a consequence of the small size of the mole initially (i.e., all
moles were sent for photoproduct analysis).
DNA extraction and photoproduct measurement DNA extraction
from epidermis was performed as described before (Bykov et al, 1998).
Brie¯y, the procedure of DNA extraction was performed using the
chloroform±isoamyl alcohol (24:1) method after separation of the
epidermis from dermis with a blunt scalpel. The yield of DNA ranged
from 8.0 to 15.0 mg. The levels of SSR-induced photoproducts were
quanti®ed using the 32P-postlabeling method, which has been described
elsewhere (Xu et al, 2000b). CPD (T = C and T = T) and 6±4
photoproducts (T±C and T±T) were assayed as trinucleotide with an
unmodi®ed nucleotide (thymine) in the 5¢-side, i.e., TT=C and TT=T.
For each 32P-postlabeling assay 3 mg DNA was digested and labeled.
Each sample was measured twice. After labeling, 10 ml water was added
to each sample and then completely injected into an high-performance
liquid chromatography system for analysis. The products were detected
with an online Beckman radioisotope detector. For calculation of
photoproduct levels, the high-performance liquid chromatography peaks
of interest were integrated with Beckman System Gold software and the
external synthetic standards of TT=C, TT=T, TT±C, and TT±T were
used for quanti®cation.
Statistical analysis All statistical calculations were performed using
Origin Microcal software (Microcal Software, Inc., MA, USA).
RESULTS
In this study, 20 nevi, which were obtained from 14 subjects,
consisted of seven clinically junctional, nine compound, and four
intradermal nevi (Table I). Using the 32P-postlabeling technique,
two CPD TT=T and TT=C and two 6±4 photoproducts TT±T
and TT±C were measured in these 20 nevi and 20 corresponding
surrounding skin samples. For each individual tested, the induction
of the four different photoproducts correlated highly with each
other (r = 0.7±1.0). Table I lists only the levels of TT=T and
TT=C. The variation of TT=T and TT=C levels in both nevi and
surrounding skin was as large as 20-fold between individuals.
The mean levels of photoproducts in melanocytic nevi and
surrounding skin are presented in Table II. The amount of all four
types of photoproducts in nevi was found to be 3±5-fold lower than
that in surrounding skin, and the difference was statistically
signi®cant (paired t test, p < 0.01). The abundance of photo-
products in both nevi and surrounding skin followed the order:
TT=T > TT=C > TT±C > TT±T. The level of 6±4 photo-
products was about one-tenth of the CPD level.
The correlation between cyclobutane dimers in nevi and in
surrounding skin is shown in Fig 1. The analysis showed that the
levels of TT=C and TT=T in nevi and surrounding skin were
correlating signi®cantly with each other (r = 0.74, p < 0.01 for
TT=C; r = 0.82, p < 0.01 for TT=T).
Six of 14 subjects provided two nevi as well as two surrounding
skin samples each at the same sampling. Figure 2 shows the
correlation between cyclobutane dimers in two samples of
surrounding skin from the same subjects. The results showed a
good correlation between two samplings (r = 0.99, p < 0.01 for
Table I. Pro®les of study subjects and CPD levels (per 106 Nt) in melanocytic nevi and surrounding skin after UV
irradiation
Subjects Sex Age Type of nevi Color of nevi
TT=T TT=C
Nevus Surr. Nevus Surr.
1 M 53 Junctional
Intradermal
Light brown
Red±brown
7.3
5.6
40.2
30.9
3.0
5.7
46.5
26.4
2 F 48 Junctional
Compound
Light brown
Light brown
15.0
6.9
28.8
19.7
9.8
4.7
24.4
14.7
3 F 59 Compound Light brown 14.4 52.8 7.7 56.8
4 F 55 Compound Red±brown 5.1 17.4 3.7 12.2
5 M 42 Compound
Compound
Black
Red±brown
2.6
3.0
9.6
10.6
2.6
2.0
11.0
9.3
6 F 32 Compound Light brown 13.5 17.0 10.4 15.2
7 F 34 Compound Brown 0.7 2.5 0.5 1.7
8 M 63 Junctional
Intradermal
Brown
Brown
2.0
1.5
5.5
3.1
1.0
1.8
4.4
1.9
9 F 30 Junctional
Junctional
Red±brown
Brown
3.4
1.6
5.4
2.8
1.7
1.7
3.4
3.3
10 M 32 Intradermal Black 2.5 6.2 1.7 3.5
11 F 33 Junctional
Junctional
Brown
Black
4.9
1.8
6.6
9.7
4.2
1.1
8.5
6.1
12 F 20 Intradermal Brown 1.2 3.8 1.9 3.5
13 M 25 Compound Red±brown 3.5 17.7 3.5 19.1
14 M 64 Compound Red±brown 3.3 6.1 1.7 3.8
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TT=C; r = 0.97, p < 0.01 for TT=T). The correlation between
cyclobutane dimers in two samples of nevi from the same subjects is
shown in Fig 3. The correlation was statistically signi®cant for
TT=T (r = 0.89, p < 0.05), but not signi®cant for TT=C
(r = 0.48, p = 0.33).
The 20 nevi represent four types of color: light brown, red±
brown, brown, and black. Regression analysis was used to assess the
effect of the color of nevi on the induction of cyclobutane dimers
in nevi. For both TT=T and TT=C, a signi®cant correlation was
found between the photoproduct level in nevi and the color of nevi
(the lowest level in the darkest color of nevi; r = ±0.86, p < 0.01
for TT=T; r = ±0.68, p < 0.01 for TT=C). Figure 4 shows only
the correlation between TT=T and the color of nevi.
DISCUSSION
It is assumed that sun exposure may be involved in the
development of CMM by the induction of melanocytic nevi
(Breitbart et al, 1997). Although the etiology of nevi and CMM
remains complex, the initiating events may be UVR-induced
epidermal DNA mutations resulting from DNA photolesions such
as CPD and the 6±4 photoproducts. In this study we report UV
photoproduct levels in melanocytic nevi in situ and surrounding
skin after exposure to SSR.
Our results showed a 20-fold interindividual variation in the
CPD level in both nevi and surrounding skin of the 14 subjects.
These results are in agreement with other studies in which the
interindividual variations of photoproduct levels were found to be
15±30-fold (Bykov et al, 1998; Xu et al, 2000b). A small part of this
variation can be explained by age (range 20±64 y, Table I) and
skin type, as age correlated with the level of photoproducts, and
skin types III and IV were protective against the induction of CPD
as compared with skin type I and II (Xu et al, 2000b). In addition,
the variation may relate to the natural skin pigmentation (Bykov
et al, 2000). In contrast, our data showed small intraindividual
variations of CPD levels. Thus, the levels of CPD in two
surrounding skin samples from the same subjects correlated
signi®cantly with each other (r = 0.99 for TT=C; r = 0.97 for
TT=T), implying a good reproducibility of the 32P-postlabeling
method. The lack of signi®cant correlation of TT=C level between
two nevus samplings may be due to their different melanin content.
The relative yield of each photoproduct determined in our study is
comparable with previous data (Xu et al, 2000a).
Figure 1. Correlation between TT=C or TT=T in melanocytic
nevi and in surrounding skin.
Figure 2. Correlation between TT=C or TT=T in two
surrounding skin samples obtained from the same subject.
Table II. Photoproduct levels (per 106 Nt) in melanocytic
nevi and surrounding skin after UV irradiation
Photoproducts Nevus Surroundinga
Surrounding/
nevus
TT=C 3.5 6 2.9 13.8 6 14.9 3.9
TT=T 5.0 6 4.4 14.8 6 13.8 3.0
TT±T 0.2 6 0.2 1.0 6 1.2 5.0
TT±C 0.3 6 0.3 1.3 6 1.1 3.3
aStudent's t test, p < 0.01 for all photoproducts compared with nevus.
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DNA damage induced by UVR is considered to be the initiation
event in skin carcinogenesis. A previous study on normal epidermis
showed no difference in photoproduct levels or their repair after
UVR between CMM patients and healthy controls, suggesting that
vulnerability to damage is not a direct cause of CMM (Xu et al,
2000a). Our results showed that the levels of both cyclobutane
dimers and 6±4 photoproducts in nevi were signi®cantly lower than
those in surrounding skin, the difference being 3±5-fold. This may
be due to the large content of melanin in nevi. The color of nevi
may re¯ect the constitutive levels of melanin (Hunt et al, 1995).
Our ®nding that the lowest photoproduct levels were induced in
the darkest color of nevi suggests that melanin protected human
skin against UV-induced DNA damage. This is in good agreement
with an in vitro study, which showed that melanin reduced the
formation of photoproducts in UV-irradiated melanoma cells in a
melanin concentration-dependent manner (Kobayashi et al, 1993).
It has been shown that the constitutional pigmentation is ef®ciently
guarding DNA against the formation of photoproducts in human
skin in situ (Bykov et al, 2000). These ®ndings are comparable with
epidemiologic studies showing a signi®cantly lower risk of skin
cancer in black-skinned people compared with white people
(Kricker et al, 1994). Our results suggest that the photoproduct
level is unlikely to be a risk marker for the subsequent melanoma. It
should be noted that, in this study, we measured only the most
abundant UV-induced dimeric DNA photoproducts; however,
solar radiation can also give rise to high levels of nondimer DNA
photolesions, such as 8-hydroxyguanine, strand breaks, sites of base
loss, and DNA-protein cross-links (Kielbassa et al, 1997). The
mutagenic potential of some of these lesions, e.g., 8-oxoG, has
been well established and thus may play a part in skin cancer
induction (Shibutani et al, 1991).
In this study, although a 20-fold interindividual variation in the
levels of CPD in both nevi and surrounding skin of the 14 subjects
was found, the CPD levels in nevi and surrounding skin correlated
signi®cantly with each other. The reasons for the individual
response remain unclear but probably relate to individual suscep-
tibility to UV. It is assumed that the skin of cancer patients may
react excessively to UV exposure in spite of a normal level of skin
pigmentation (Lock-Andersen et al, 1997).
In conclusion, this study reported the photoproduct levels in
melanocytic nevi in human skin in situ. It has been reported that in
cell cultures, the human melanoma cell lines isolated from
metastatic melanoma display an increased resistance to killing by
UVR because of an enhanced rate of postreplication recovery and
overall increase in photoproduct repair (Hatton et al, 1995). The
high level of DNA repair capacity is also observed in highly
metastatic melanoma cells (Wei et al, 1997). Therefore, further
studies concerning DNA repair kinetics of these photolesions in
nevi will provide further insights into the roles of these lesions in
CMM.
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